Introduction: Global Adult Tobacco Survey (GATS)-India is the first national survey in which electronic handheld devices were used for data collection and data management. Apart from the participant selection during household survey, rapid data collection, data collation, cost effectiveness, acceptability and improved data quality are some of the key benefits of handheld device use. However, the data quality of GATSIndia survey for certain variables like cigarette and rolled cigarette use, quit attempt and duration of abstinence has been questioned in the recent past. In this context, this study is undertaken to understand the usefulness of handheld device in data collection during GATS-India (2009-10) survey, considering data quality of select economic indicators of tobacco use.
Introduction
India has a population of approximately 1.21 billion distributed across 640 districts covering 35 States/Union Territories [1] . This population is heterogeneous in many aspects. Therefore, the number of interviews conducted in national surveys like National Family Health Surveys (NFHS) and District Level Household Surveys (DLHSs), can be as high as 0.7 million [2, 3] . Considering this high number of interviews, usual pen-and-paper based data collection; double data entry and rechecking consume time and other resources along with possessing higher risk of poor data quality arising out of human error. Keeping this in mind, electronic handheld devices were used for data collection and data management in Global Adult Tobacco Survey (GATS), India (2009-10) [4] .
Use of handheld devices or the personal digital assistant (PDA) for data collection in resource poor settings could simplify the process of questionnaire development and data collection [5] . Inclement weather condition and multiple language settings have limited effect on data collection while using PDAs. Automated features in PDAs can help skipping inappropriate items easily and also could highlight error for a given input with suggestions for correction. Thus, rapid and reliable data collection is possible while using PDAs. Limitations like battery backup, input errors, requirement of computer-literate users and IT infrastructure, data storage, loss of data and higher startup costs, during use of PDAs are of concern [5] . However Kizito et al [6] neither encountered any PDA-related issues nor data loss, in his study that had collected data from 83,346 persons over a period of seven-week. This study had demonstrated higher acceptability, completeness of survey data, and time efficiency. Similar observation along with increased data quality was noted in other studies [7] [8] [9] [10] [11] .
As GATS-India had used handheld devices in the survey, it is normal to expect higher data quality. However a study by Giovino et al [12] on 14 countries GATS data, indicated a peculiar anomaly suggesting female daily smokers use more number of cigarettes per day than their male counterparts in India (not in other 13 countries) only. This anomaly was questioned in the pretext of poor data quality and other issues in various studies [13] [14] [15] [16] [17] . This study is further expanded to examine data quality while assessing economic indicators of tobacco use (last purchase and price paid for it) from items F01 and F02 of GATS-India survey tool. Other indicators of usefulness of handheld device as described as above are beyond the scope of this paper and described elsewhere.
Methods
The GATS-India questionnaire pertaining to the number of cigarette purchased last time (F01) and price paid for it (F02) among current cigarette smokers were critically examined using GATS syntax (GTSS 2011), GATS-India code book (2011) and GATSIndia report (2010) and [4, 18, 19] . Appropriate logic to validate responses was ascertained from these books with the help of experts. Current (daily and less than daily) manufactured cigarette smokers were assessed for their invalid responses during reporting about their last purchase (quantity and price) of cigarette in the section F (Items F01 and F02 respectively) of the GATS-India tool. Item F01 required two distinct steps to be followed to obtain the required data [19] .
Step one involved mentioning the number of unit of cigarette purchased, i.e. loose cigarettes, packs, cartons or others (specification required). In second step, number of cigarettes per unit of purchase need to be mentioned. These two steps could help the analyst to estimate the number of manufactured cigarette purchased last time. In India, one manufactured cigarette pack contains either 10 or 20 number of individual cigarettes and a carton contains 10 packs, i.e. 100-200 cigarettes. Other form of 'unit' of manufactured cigarette sale or purchase is not known. These facts were considered while critically examining the F01 & F02 item.
These items from the GATS-India data available in public domain were analyzed using IBM SPSS (v.20) to get first-hand information regarding data quality in GATS-India. To identify invalid responses, related items were cross tabulated. Correlation between number of cigarettes purchased and price paid for it were compared using correlational statistics. Mean number of cigarettes purchased by 'daily' and 'less than daily' users were compared using independent 't' test. A sub-analysis for internal consistency (to estimate Cronbach's Alpha) assessment was made. The analysis was also limited to a single brand (the highest reported) to avoid potential misinterpretation arising out of differential pricing of cigarettes across states and brands. GATS sample weight was not used considering random sub-sample analysis in this study.
Results
Analysis suggests 4893(90%) current cigarette smokers (daily and less than daily) had reported about the purchasing of cigarettes/ packs/cartons/other units, during their last purchase for their own use. When their smoking status examined, it was found that around 8.7% of daily cigarette smokers and 8.6% of less than daily smokers never bought cigarette for their use as detailed in the Table 1. The range of 'units of cigarette' purchased by the current users was ranged between one and 999 (cigarettes: 1 -999, packs: 1 -999, cartons: 1 -444). About 1735 smokers reported that they had bought cigarette packs and among them 80.2% mentioned 10 cigarettes per pack, 11.1% reported 20 cigarettes per pack and rest mentioned other numbers ranging from one to 200. Total 29 smokers reported of buying cartons during last purchase and the number of cigarettes per carton mentioned by them was between four and 405 with only three (10.3%) reporting 200 cigarettes/ carton and none mentioning 100 cigarettes/carton. All the responders who informed about the purchasing of 'other units' of cigarette; none of them had specified the unit.
When quantity of cigarettes bought was estimated as per the GATS syntax guideline, it was found that the number of cigarettes bought during last purchase ranged between one and 179,820.
Frequency table of F02 suggests the price paid during last purchase was between nil to 7,777 INR (for the highest sold single brand only, 65.5 INR = I USD) with some people being not aware of the price they paid for purchasing cigarette. When the price paid per each manufacturing cigarette purchased was estimated, it was ranged between nil to 1,944 INR with 50(1%) paying less than one INR. Considering the mean amount paid for their last cigarette purchase, less than daily users (7.7 INR) had spent more money than daily users (5.1 INR) . However, the difference in mean was not significant during the independent student 't' test.
Very weak positive correlation (r = 0.102; p < 0.001) was observed between the number of cigarettes purchased and price paid when the entire data set was analyzed. In state specific analysis, three states indicated negative correlation. During an internal consistency check for the quantity of cigarette purchased and price paid, Cronbach's Alpha value was good in 12 states, acceptable in eight states, poor/unacceptable in 8 states and not reliable in three states as detailed in the Table 2 .
Discussions
The data quality in this self-reported survey would depend on respondents, interviewer, and the tools used. GATS-India has used a standard tool which was programmed into PDAs to create a data collection interface. The data thus collected was made available in the public domain after data mining. However, in this study nonpurchasing of cigarette by smokers for their use, reporting of invalid units when asked about number cigarettes per pack (other than 10 or 20) or cartons (other than 100 or 200), failure to specify the 'other' unit of cigarette purchase, purchase by never users for their own use, purchasing of 999 packs or 405 cartons, nil paid amount for purchase, cigarette price less than one INR, purchasing of 179,820 cigarettes for use, higher average price paid by 'less than daily' users, negative correlation and poor internal consistency between the numbers of cigarettes purchased and price paid, etc. highlight the poor quality of data.
The self-reported responses may be true and PDAs might have captured the same. For example, a new initiator of smoking might be borrowing cigarette from friends, and therefore it could be possible that they never bought cigarettes for their use. While such logic is justifiable for less than daily smokers, it may not hold good for the daily smokers. Another important aspect is, the retail credit system is very common in India, where people buy from a local retail shop on credit and pay them later. Such retail credit may be for the entire amount or part of it. Therefore, it is possible that the response against the price paid for last purchase could be nil or less than the actual price of cigarette unit purchased. Since the programmed tool has not considered the same, data on actual price for the last purchase of cigarettes might be misleading.
Following reporting of 14 country GATS data by Giovino et al [12] , a correspondence [13] had also pointed out that smokeless tobacco product information had been collected under other smoking product use and thereby questioned internal validity of the GATS-India survey data. Giovino et al [20] in their reply avoided the actual contention and argued that manufactured cigarettes and hand-rolled cigarettes need to be separated from bid is owing to their differential sources, marketing and users profile, but at the same time they failed to advance similar argument [14] as the basis of product specific separate analysis of manufactured cigarette and rolled-cigarette. However, recording of smokeless tobacco product as well as duplicate records of classified smoking product in the other smoking category is clearly evident, suggesting limited validation of data collecting interface [14] . Jena et al [17] further elaborated the concept of interaction between different nicotine containing tobacco products that have led to Simpson's Paradox . Apart from these, high digit bias (modified Whipple Index -226.3) while collecting information on the quantity of cigarette used per day among daily users, which further reconfirms poor data quality in GATS-India survey [15] . The authors have also identified the imprecise definition of 'current daily user' and 'current less than daily use' resulting in more than one-fifth invalid responses regarding 'the duration of last quit attempt' among current tobacco users as well as up to 10% invalid responses regarding duration of abstinence [16] . In these studies authors had expressed concern over lost opportunity to internally validate responses in the GATS-India data collecting tool. The authors also had suggested input errors considering the internal validity of the items could have yielded better quality data.
The poor quality of data as highlighted in this study per-se is not a fault of using PDAs. As identified in earlier studies, lack of internal validation of the tool including poor programming of PDAs due to human error is the main determinant of such results. For example, purchasing of cigarette by never users could have been highlighted as an error in data input during data collection leading to further clarification and correction. Similarly, reporting of number of cigarettes per pack other than 10 or 20, and reporting of number of cigarettes per carton other than 100 or 200 could have been easily identified by the well-programmed handheld device and thus could have reduced the presence of inconsistent or invalid responses to a great extent. If the automated features were fully utilized while programming of PDAs, many errors like nil paid amount for the purchase, cigarette price less than one INR, purchasing of 179,820 cigarettes for use, etc. could have been easily rectified during data collection itself.
The GATS report (2010) suggests that use of handheld device helped in the random selection of individuals for interview during household survey, facilitated 'skip patterns' to fill the GATS India questionnaire, and improved data quality through some builtin validity checks during the process of data collection and faster data collation. The entire process of survey questionnaire administration, data collection and collation using the handheld device was pre-tested. Two specific manuals, 'Handheld (iPAQ) Manual' and 'Data Transfer Manual' were developed to standardize the process. However such claims are partially true.
The fieldwork for GATS took place from June 2009 to January 2010. The report was published in September 2010. It took seven months to be in the public domain, which may be attributable to various administrative issues of project management. While time efficiency in generating report was not demonstrated in this survey, there is no doubt that the use of hand held device could improve time efficiency of a given survey.
Conclusion
The handheld electronic device has been successfully used in developed nations and has an equal potential to be used in India. However inconsistent responses for select economic indicators, highlight limited utilization of automated features available in handheld devices to check internal consistency of respondents. The poor quality of data as highlighted in this study per-se is not a fault of using PDAs in the survey. Validation of digital data collection interface could reduce inconsistent responses to a great extent in future surveys. .913 The value is negative due to a negative average covariance among items. This violates reliability model assumptions. Un-weighted N is given here.
Alpha value interpretation : ≥ 0.9 (Excellent); 0.7-0.9 (Good); 0.6-0.7(Acceptable); 0.5-0.6(Poor); < 0.5(Unacceptable) r = correlation coefficient 
